Introduction
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Since 90% of Iran is located in arid or semi-arid areas, the direct rainfall is its 
Main Surface Waters of the Region
187
The Caspian Sea
188
The Caspian Sea, with an area of ∼ 371,000 km 2 is the world's largest inland 
The Persian Gulf and the Gulf of Oman
211
The Persian Gulf, with a surface area of ∼ 251,000 km 2 , is a shallow water 212 body in the south (see Fig. 1 ). Since the Gulf region is surrounded by arid 213 land masses, it has strong seasonal and even daily air temperature fluctuations. The choice of the DDK2 filter, which is an anisotropic filter, arises from the 
In-situ Piezometric Measurements
316
This study used in-situ groundwater observations of 256 selected piezometric 
where C H/R = C H/R (t)a n dA H/R = A H/R (s) are respectively the temporal 335 and spatial patterns (base-functions). We used H and R as subindices to show 336 the base-functions that are computed from terrestrial WS (H)a n ds u r f a c eW S 337 (R). In Eq. 1, C H contains zero over the gridpoints of surface water and C R 338 contains zeros over the land.
339
In Eq. 1, once either of C H/R (t)o rA H/R (s) is determined, the other com- 
and 361 expansions ofĈ H/R will be computed using the LSA approach (e.g., Koch, 372 1988),
In Eq. 4,Ĉ H/R contains adjusted temporal components over the land and 374 surface waters and T contains GRACE-TWS observations. Then,Ĉ H andĈ R 375 can be respectively replaced in Eqs. 2a n d3t or e c o n s t r u c tt e r r e s t r i a lW S 376 changes over the land and surface WS changes. 
393
WS change of the Caspian Sea from GRACE products is shown by the solid-394 black line in Fig. 3 ,B. For computing the averaged surface WS changes over the
395
Caspian Sea, the average value of steric corrected SSHs was multiplied by the 396 surface area of the sea and is shown by the solid-gray line in Fig. 3 
403
A) Lake Urmia
GRACE-TWS after removing GLDAS-WS GRACE-TWS
Altimetry derived surface WS Figure 3 : Surface WS changes derived from GRACE and altimetry data, for (A) Lake Urmia and (B) the Caspian Sea. For computing the volume (y-axis), the mean surface area of the Caspian Sea and Urmia Lake (Section 2.3) are multiplied by the mean columns WS changes derived from GRACE and altimetry. During the computations, the shrinking area of Lake Urmia is also taken into account (see also Crétaux et al., 2011).
Separation (Adjustment) Results
404
The RMS of GRACE-TWS signals in Fig. 2 Fig. A5 ).
442
The adjusted value of IC2 (the red line in Fig. 5,B) shows that the drought Fig. A1 ; those of (C,D) in Fig. A2 ; the spatial pattern of (E) in Fig. A3 ; and that of (F) in Fig. A4 . The independent modes are ordered with respect to the variance fraction they represent.
Comparison of the Adjusted Results with In-situ Observations
448
Once the signals of the surface and terrestrial WS changes have been sepa- 
456
The RMS shows that the separation was successful, where for example, the leak- (Fig. 6,B) show a decline in most parts of the country 459 including the northwest, central, as well as over the Zagros chain.
460
We removed the above reconstructed results from GRACE-TWS maps and 461 compared the results with available in-situ groundwater observations. Before,
462
comparison, each month of the available stations was first smoothed using a
463
Gaussian filter of 400 km radius (Jekeli, 1981) . The radius of 400 km was se-464 lected to be approximately consistent with the DDK2 filter applied to GRACE-
465
TWS data. We compared the magnitude of the basin averages of the filtered 466 in-situ observations with those we derived from the original values (in Fig. 1 ).
467
We found a mean damping factor of ∼ 0.71, which shows the impact of the The linear rates of the water storage changes are depicted in Fig. 7 (dash lines) . -6.7 -6.1 -11.2 -9.1 -3.1 -4.2 Table 1 : Basin average trends of groundwater variations over the six main basins of Iran derived from GRACE products.
As the figure illustrates, in most of the basins, GRACE derived basin averages 473 tend to show steeper slopes compared to the in-situ observations. Part of this 474 inconsistency might be the result of network changes in a number of stations.
475
We removed those stations from our basin average computations and the new 476 results turned out to be more consistent with that of GRACE (solid gray lines).
477
The other part of inconsistency might be due to our limited knowledge about GRACE-derived groundwater rates are summarized in Table 1 .
483
Linear 
Conclusion and Outlooks
484
The water resources in Iran as a part of the Middle-East region are inherently 
495
In order to deal with the leakage problem of GRACE products and also (Fig. 6,B) . In Section 5.3, we demonstrated that the es- 
775
The ICA decomposition of WS changes of the Persian and Oman Gulfs also 776 shows two significant components explaining 89% of the total variance. IC1
777
shows an annual behaviour with a dipole spatial structure over the two gulfs 
791
For brevity we only present the first two independent components of GLDAS 792 data, explaining 71% of the total variance of terrestrial WS changes in Fig. A5 .
793
The temporal pattern of IC1 shows the dominant annual variation, while the observations of WS changes, e.g., over Urmia (Fig. 3,A) and other small lakes 799 (Fig. A4) , where the WS decrease starts from 2005.
800
We should mention here, that to reconstruct 90% of the GLDAS data, one 801 needs to select at least the first six independent components of GLDAS. The 802 temporal behaviours of the remaining four independent components of GLDAS 803 were difficult to interpret and are therefore not plotted. These components were, 804 however, still used in the adjustment procedure. is strongest in the Black Sea, since it is located closest to the Caspian Sea.
819
However the magnitude of the effect is very small compared to the hydrological 820 and oceanic signal sought such that it is not expected to influence the results. 
